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1 Code is intended for transient thermal-hydraulic analysis of complicated superconducting and ryogenic
systems (including cryogenic plant elements and armature such as pumps, valves and heat exchangers), which
are cooled by forced flows of the single and/or two-phase helium.
2  In common case the helium flow in a channel being considered can simultaneously have a thermal contact
with some various solid materials and helium in another channels. Besides, the different helium flows inside
channels can be hydraulically coupled between themselves in longitudinal direction (due to the transverse
holes). As sample, it take a place in Cable-In-Conduit Conductor (CICC) with a central channel and similar
model may be applicable to Transmission Line Conductor, where the helium in void space between the
strands of Rutherford type cable is considered as second channel.
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3 The transverse mass flux from k flow is suggested to be normal to i flow, the momentum transport term is

assumed to be negligible (i.e. ki
V

ik
V= = 0 ).



5

( ) ( )
++++

++=+

( )

>

<<

<

=

+
=

=

=

( )( )=

Qnm
cond

Qim
conv

Qm
Joule

                                                          
4 Uniform temperature distribution is “natural” assumption of 1D approach and considered as average
temperature for the given cross-section. This model being applicable to current carrier based on following
approaches:
- uniform current density distribution (and consequently Joule heating distribution) during quench between

transposed strands and copper tape
- Bio’s number in application to actual current carrier is much less than 1 (Bi=h /k << 1, where h= kinv/ inv

the heat transfer coefficient which is treated on the boundary of the current carrier as ratio of invar
thermal conductivity kinv to the radial thickness of the invar tube inv;  the radial thickness of the current
carrier and k its average thermal conductivity.

Real temperature non-uniformity can be estimated as T=qv
2/8k, where qv is specific Joule power. If take into

calculation qv=j2 =2e8 W/m3, 2=3e-6 m2 and k=60 W/(mK) the following rough estimation can be did as the
worst: T<10K, Bi<0.02.
5 In common case conductor could have simultaneously a contact with different helium flows as well as with
another conductors.
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6 This generalized angle takes into account the twist of Rutherford cable around the inner invar tube too.
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7 In present simulations specific heat power qV assumed to be neglected because in the transmission line
conductor heat balance its power less than 1% of total Joule margin.
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8 In present simulations it is assumed the inductance of circuit L is much greater than actual margin of the
magnet considered. The same refers to the dump resistor: Rext >> RNZ . So during quench protection the current
decay time constant  defined as  = L/Rext (U=0).
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9  is an average effective twist angle of cable strands and copper tape
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